The paper was focused on determining the content soluble in 20% HCl of Fe, Mn, Zn, Cu, B, Co, Pb, and Ni in arable Cambisols and Luvisols, developed from boulder loams and fluvioglacial sands of the Middle-Polish (Riss) glacial period, Wartanian Stadial in the Skierniewicka Upland, and recognizing the relationships between these elements and selected soil properties. The mean content of Mn, Zn, Cu, B, Co, Pb, Ni, and Fe in the soils developed from boulder loam was: 288, 24, 5, 3, 12.4, 4, 9, and 6.8 mg⋅kg -1 of soil, and 1.24%, respectively. The contents of the above mentioned elements in soils developed from fluvioglacial sands were lower and reached: 235, 16, 2.9, 6.5, 2.5, 7, 3.4 mg⋅kg -1 of soil, and 0.71%, respectively. Statistical analysis has indicated a correlation between the total amounts of Zn, Cu, B, Co, Ni, and the contents of <0.02 mm and <0.002 mm particles and iron. The Fe content was correlated with the texture of soil, the Mn amount was correlated only with the iron content, whereas that of lead -with the organic carbon content. The soil-forming processes influenced the distribution of total contents of elements. The lessivage process influenced the distribution of Zn, Cu and B, the brunification process influenced the distribution of Fe, Ni, B and Co, the gleying process influenced the distribution of Mn, whereas Pb and Zn were bioaccumulated in most humus horizons of the studied soils. The studied arable soils had natural contents of trace elements.
INTRODUCTION
Factors influencing the occurrence and transformations of trace elements in soils have been the subject of many previous reports (e.g. Piotrowska 1971, Czarnowska and Gworek 1987) , and are still continued (Abgottspon et al. 2014 , Jeske 2014 , Muñoz et al. 2013 , Sosulski et al. 2013 ). The results of these studies are of high significance because many elements are indispensable for the growth and development of living organisms, which influences food security and safety. Deeper knowledge of some elements, particularly lead, cadmium, and mercury allows to determine the hazards that they pose on the environment, access in the food chain and transportation into surface-and groundwater. It should be noticed that soil is an important element of environment and the basic link of the trophic chain: soil -plant -animal -human being.
The paper was focused on analyzing the content soluble in 20% HCl of Fe, Mn, Zn, Cu, B, Co, Pb, and Ni in arable soils, developed from the boulder loams and fluvioglacial sands of the Middle-Polish (Riss) Glaciation in the Skierniewicka Upland, and determining the relationship between these elements and selected soil properties. Premise for the conducting these studies was the lack so far studies on the occurrence of trace elements in the soil developed from boulder loams and sands of the area, and the good of their agricultural value.
MATERIAL AND METHODS
Eight profiles of arable soils located in the Experimental Field of the Warsaw University of Life Sciences-SGGW in Miedniewice near Skierniewice (central Poland) were investigated. They included the following soils according to the FAO-WRB classification (IUSS Working Group WRB 2015): Eutric Stagnic Cambisols -two profiles, Dystric Stagnic Cambisols -one profile, Dystric Endogleyic Cambisols -two profiles, and Stagnic Luvisols -three profiles. Field investigations and basic soil analyses have been conducted by methods commonly applied in soil science laboratories (Pansu and Gautheyrou 2006) . The Fe, Mn, Zn, Cu, B, Co, Pb and Ni contents were determined 199 Trace elements in arable Cambisols and Luvisols developed from boulder loams using the ASA technique in solutions after etching the soil samples with 20% HCl (Gedrojae 1955) . The soil samples were ground in an agate mortar, and the organic matter was reduced to ashes in a muffle furnace at 450-480°C for 8 h prior to acid etching. The results were subject to statistical analysis by calculating the correlation coefficients between the content of trace elements and selected physical and chemical properties of the soils.
The studies have been conducted in soils developed from boulder loams of the basal moraine from the Middle-Polish (Riss) Glaciation, Wartanian Stadial in the Skierniewicka Upland, central Poland. The upland is situated at the boundary between the £owicz-B³onie Plain, eastern part of the £ódŸ Elevation and the western part of the Rawska Upland (Kondracki 2009 ). The area is dominated by shallow boulder loams, 1 to 4 m thick, and only locally their thickness exceeds 10 m (Rdzany 2006) . The layers are not always continuous, underlain by sand-gravel fluvioglacial sediments and by mud-clay ice-dammed sediments in some places. Slightly younger fluvioglacial sands occur in the depressions within the loams. During the Eemian Interglacial period, the loams from the area had undergone aqueous denudation, decalcitization, rinsing, and surface water gleying Czêpiñska-Kamiñska 1979, 1985) . Surficial layers of loams were enriched in sand, impoverished in colloidal clay, iron compounds and nutrients. Their further intense transformations took place during the cool periglacial interval, related to the youngest glaciation (Vistulian). Table 1 ). The soils were characterized by a significantly lower content of colloidal clay fraction (<0.002 mm) particles in the surficial humus horizons than in the deeper levels. The particle size change is related to the soil reaction and the base saturation (BS) of the sorption complex. With depth, the reaction changes from poorly acidic in profile 9 and neutral in profile 11 to alkaline in both profiles, whereas the BS reaches values exceeding 60% in the subsoil. Dystric Stagnic Cambisol (profile 4) has a similar particle size composition and pseudogleying as in profiles 9 and 11, except for the slightly higher impoverishment of the surficial humus horizon in colloidal clay. This soil has a strongly acidic reaction in the entire profile and the BS value below 30%. Dystric Endogleyic Cambisols have developed from sands (profile 13 from loamy sand and profile 15 from sand). Despite a similar particle size composition, profile 13 has a poorly acidic reaction in the entire profile and BS in the range of 50-60%, whereas profile 15 has an acidic reaction and BS below 20%. Both profiles have groundwater at the depth of 80 cm. In Stagnic Luvisols (profiles 1, 5, and 8) developed from loams, impoverishment in <0.002 mm fraction is deeper and encompasses the surficial humus horizon (A) and the luvic (Etg) horizons. They are accompanying by pseudogleying process, usually with a poorly acidic reaction in the entire profile and BS values in the range of 30-50%, with the exception of profile 1, in which the BS value is higher and ranges within 60 to 70%.
The cation exchange capacity (CEC) of the studied soils ranges from 7.21 to 32.04 cmol (+) ⋅kg -1 of soil and depends on the particle size composition, particularly the contribution of <0.002 mm fraction. The humus horizons of most soils have a thickness of 30 cm and an organic carbon content in the range of 0.52 -0.88%.
The mean contents of trace elements and their range in soils developed from loams (profiles 9, 11, 4, 1, 5, 8) are as follows (in mg⋅kg -1 ): Mn -288 (60-860), Zn -24 (10-33), Cu -5.3 (1.6-9.9), B -12.4 (3.6-20.2), Co -4.0 (1.6-8.2), Pb -9.0 (3-15), Ni -6.8 (1.6-13.0), and Fe in % -1.24 (0.36-2.05) ( Table 2 ). In turn, in soils developed from sands (profiles 13 and 15), the content of these elements was lower and were (in mg⋅kg -1 ): Mn -235 (69-554), , Cu -2.9 (2.8-4.0), B -6.5 (3-10.4), Co -2.5 (1.8-3.8), , Ni -6.8 (1.6-13.0), and Fe in % -0.71 (0.56-1.01). Statistical analysis of the results has indicated that the contents of: Zn, Cu, B, Co, and Ni were highly correlated with the percentage contribution of <0.02 mm and <0.002 mm fraction, and with the iron content ( Table 3 ). The Fe content was correlated with the grain size composition of soils, the Mn amount was correlated only with the iron content, whereas that of lead -with the organic carbon content.
The distribution of the studied elements in the profiles depended on the texture and the pedogenic processes. The highest amounts of Fe, B, Co, and Ni were noted in most cambic horizons of both Dystric Stagnic Cambisols and Dystric Endogleyic Cambisols. In turn, the surficial horizons (A and Etg) of Stagnic Luvisols display significant depletion in Fe, Zn, Cu and, B due to the lessivage process.
The contents of Mn do not show a characteristic distribution, with the exception of its significant decrease in the oxidation-reduction horizons (Gor) of profiles 13 and 15, at a simultaneous enrichment of the cambic horizons of these soils. Contrary to most studied elements, the content of Mn was not correlated with particle size composition, but with the iron content.
In most humus horizons of the soils, the highest contents of Pb, Zn, and to a lesser degree of Cu, were observed. This is most likely an effect of their bioaccumulation in the topsoil where soil organic matter was accumulated. Lead undergoes particularly distinct accumulation. Its largest amounts occurred in the surficial humus horizons of all studied soils, with the exception of profile 9.
DISCUSSION
The investigations have shown that the mean contents of the elements (in mg⋅kg -1 of soil and Fe in %) in the studied soils developed from loams can be arranged according to the following series: Fe (1.24%) > Mn (288) > Zn (24) > B (12.4) > Pb (9) > Ni (6.8) > Cu (5.3) > Co (4). Similar values of trace elements were noted in arable soils developed from boulder loams of the Middle-Polish (Riss) and Baltic (Würm) glaciations in north-eastern Poland (Gworek 1985) , and in the area covered by the Middle-Polish glaciation in the Mazowsze-Podlasie Lowland (Czarnowska 1972 (Czarnowska , 1995 Gworek 1987, Gworek and Jeske 1996) .
It is difficult to explain the lack of significant differences between the content of trace elements in the soils developed from boulder loams of the Middle-Polish Glaciation and the content in soils developed from boulder loams of the Baltic Glaciation (Gworek 1985) , despite the fact that many investigations point to a higher sand content, leaching of carbonates, acidification and lower saturation of the sorption complex by alkaline cations in the soils developed from boulder loams of the Middle-Polish Glaciation (Gworek 1984 , Konecka-Betley, Czêpiñska-Kamiñ-ska 1979 .
The results obtained in this study and in previous reports (Czarnowska 1972 (Czarnowska , 1996 Czarnowska and Gworek 1987 , Gworek 1985 , Gworek and Jeske 1996 indicate that the distribution of the studied trace elements and iron in the soil profiles is related to various pedogenic processes and particle-size distribution. Leaching of Cambisols and lessivage processes in Luvisols cause the release of trace 
